Abstract. Magnitudes and color indices in the Vilnius seven-color system were determined for 1752 stars down to V = 19.5 mag in the direction of the open cluster M 29 (NGC 6913). The region is centered at RA = 20:24, DEC = +38:30 (J2000) and covers an area of 1.5 sq. deg. The photometric data are used to classify about 70 % of stars in spectral and luminosity classes and peculiarity types.
INTRODUCTION M 29 (NGC 6913) is a young open cluster located near the edge of the Great
Cygnus Rift, a system of interstellar dust and molecular clouds splitting the Milky Way in two branches. Since in this direction our line of sight runs along the Local arm, dust clouds form a complicated pattern which can lead to differential extinction of stars in clusters located behind the Rift or close to it. In such a case, for plotting the intrinsic color-magnitude diagram of a cluster we must determine interstellar extinction and reddening for each star individually. This can be done by two-dimensional classification of stars in the cluster area either by spectroscopy (the MK system) or by multicolor photometry applying interstellar reddening-free photometric parameters with the calibration in MK types. For this aim, the seven-color Vilnius photometric system is most suitable since it allows stellar classification in two dimensions irrespective of their interstellar reddenings.
Photometric and spectroscopic studies of M 29 and its vicinity have been summarized recently by Reipurth & Schneider (2008) . Very contradictive values of the cluster parameters have been found by various authors.
The first deep photographic studies of the cluster were published by Becker & Stock (1948) and Tifft (1958) down to ∼ 14 mag in the RGU system and Hoag et al. (1961) down to ∼ 15 mag in the UBV system. The last system was also applied using photoelectric (or CCD) photometry by Morgan & Harris (1956) , Joshi et al. (1983) and Massey et al. (1995) . Bright stars of the cluster were also measured by Crawford et al. (1977) in the Strömgren system and by Kazlauskas & Jasevičius (1986) in the Vilnius system.
MK spectral types and their peculiarities in the cluster area from slit spectra were determined by Roman (1951), Morgan et al. (1953, 1955) Barbier (1962) , Voroshilov et al. (1969 Voroshilov et al. ( , 1976 and Kuznetsov (1991 Kuznetsov ( , 1990 .
The membership probabilities of stars in the cluster area were investigated by Sanders (1973) and Herts (1980) For a better understanding of the distribution of interstellar dust in the direction of M 29 and for more precise determination of the cluster parameters, we undertook CCD photometry of the area in the Vilnius system (Straižys 1992) with three telescopes of different diameters and field sizes.
OBSERVATIONS, DATA REDUCTION AND SPECTRAL TYPES
The observational material was obtained with CCD cameras on three different telescopes: the wide-field Maksutov-type 35/51 cm telescope of the Molėtai Observatory in Lithuania (2004), the 1 m Ritchey telescope at the Flagstaff Station of the US Naval Observatory in Arizona (2006 Arizona ( -2008 and the 1.8 m VATT telescope of the Vatican Observatory on Mt. Graham, Arizona (2011 Arizona ( -2012 .
At Molėtai we used a CCD camera of Roper Scientific, Princeton Instruments, containing a 1340 × 1300 pixel chip with the Unichrome UV-enhancement coating. The pixel sizes are 20 × 20 µm, and the field of view is 1.26 • × 1.22
• . At Flagstaff a Tektronix CCD camera with a 2k × 2k chip has been used. Its pixel sizes are 24 × 24 µm, the field-of-view is round with a diameter of 22 ′ . On the VATT a STA0500A CCD camera with a 4k × 4k chip has been used. Its pixel sizes are 15 × 15 µm, the field of view is 13 ′ × 13 ′ . CCD chips in all the three cameras are back-illuminated, with the liquid nitrogen cooling. The positions of the three fields on the sky are shown in Figure 1 . The center of the fields is at RA (J2000) = 20 h 24 m , DEC (J2000) = + 38
• 30 ′ . CCD exposures obtained on the three telescopes are listed in Table 1 . Various exposure lengths were used trying to cover a wide range of magnitudes, without saturation of the brightest stars of V ≈ 9. Short exposures were also essential for connection of the instrumental magnitude scales to photoelectric standards.
For reductions of CCD exposures we used the IRAF program package in the aperture mode. Preliminary transformation equations of magnitudes and color indices from the instrumental to the standard Vilnius system were determined from observations of the M 67 cluster, taking the photometric data of this cluster from Laugalys et al. (2004) . Small non-linearities in color equations and their dependence on luminosity class were taken into account using the interstellar reddening-free Q-parameters. Preliminary zero-points of magnitudes and color indices were determined using the stars measured in the same areas photoelectrically by Kazlauskas & Jasevičius (1986) . The final adjustment of color equations and zero-points has been done by optimizing the accuracy of photometric classification of a selected set of standard stars in the investigated areas. The limiting V magnitudes are: 20 mag for the VATT, 17 mag for the Flagstaff telescope and 15 mag for the Molėtai telescope.
Spectral types of stars from Vilnius photometry were determined by two codes. The first one is a version of the COMPAR code composed by A. Kazlauskas and described recently by Straižys et al. (2013) . The second classification code named 'QC0KLAS' was composed by K. Zdanavičius and is described here. The results Table 1 . Log of observations. The columns give the filter name, its mean wavelength, range of exposure lengths and the total number of frames in each filter. of classification with the COMPAR and QC0KLAS codes were compared and averaged. The classification by the QC0KLAS code is based on intrinsic color indices for 300 types of two-dimensional MK types (spectral and luminosity classes) taken from the Straižys (1992) monograph. The classification code includes the following three stages.
(1) 14 interstellar reddening-free Q-parameters are calculated from the intrinsic color indices for 300 MK types. In calculation of the Q-parameters, the ratios of color excesses corresponding to the normal interstellar reddening law are taken. The same Q-parameters are calculated for the program stars. Next, for each program star these 14 Q-parameters are matched up with the set of 300 standards to find the MK type which shows the least standard deviation.
(
2) The next classification stage is based on six intrinsic color indices which include the passbands X, Y , Z and V (X-Y , X-Z, X-V , Y -Z, Y -V and Z-V ).
Differerences of the observed color indices of a program star and the corresponding intrinsic color indices of the 300 MK standards are calculated giving the spurious 'color excesses' which for convenience are all transformed to the values of interstellar dust mass x (in the scale when A V = x = 1). The values of x < -0.15 are rejected. The analysis of x values for each program star (corresponding to different color indices) allows finding the standard for which the dispersion of the six x values is at minimum. This value of x should be close to the real interstellar dust mass which affects this star, and the corresponding spectral type can be accepted for the program star.
(3) The accepted spectral type of a program star and its dust mass allows to deredden all color indices. We can compare the dereddened indices with the intrinsic color indices of a set of standard 300 MK types, find a minimum dispersion of six color indices and estimate again the spectral type of this program star.
Finally, the mean values of these three MK types are calculated. Their dispersion allows to estimate the classification reliability. Interstellar reddening and extinction for each of the classified stars is determined together with its spectral type.
Additionally, for the identification of stars with different peculiarities (emissionline stars, Am and Ap stars, subdwarfs, metal-deficient giants, binaries) a few Q 1 vs. Q 2 diagrams have been analyzed. The two-Q diagrams were selected to give the largest separation of peculiar stars from the sequences of normal stars of different luminosities. In the COMPAR code, peculiar stars are identified in the Q-matching process since the comparison catalog, together with normal stars of various spectral and luminosity classes, also contains stars with different peculiarities.
For the identification of YSOs among the stars measured in the Vilnius photometric system, we used several two-color plots of infrared surveys: the J-H vs. 3. THE CATALOG Figure 1 shows that the largest part of the area is covered by photometry done from the Maksutov telescope exposures. Only the central part, which includes the cluster, is covered by photometry with two or three telescopes. The magnitudes and color indices of stars observed with more than one telescope were averaged taking into account their accuracy, and rounded to two decimal positions. The resulting catalog (Table 2) contains 1752 stars. Their limiting magnitude depends on the position in the area: in the cluster area it is close to V = 20 mag while in the outer parts of the area it is about 15 mag. Figure 2 gives the identification chart for stars in the central area covered by the VATT and Flagstaff observations (22 ′ × 22 ′ ). Table 2 lists the following information: the running star number, equatorial coordinates J2000.0, magnitude V , color indices U -V , P -V , X-V , Y -V , Z-V and V -S, photometric type in the MK system. Spectral classes are shown in the lower-case letters to indicate that these are determined from photometric data.
When available, spectroscopic MK types are given in Notes to the Table. Spectral types for the six brightest stars (Nos. 976, 1089, 1136, 1146, 1173 and 1189) are given in bold without luminosity classes. Their luminosity classes given in the literature are very different, see the notes at the end of Table 2 . Moreover, four of these stars are spectroscopic binaries. The magnitudes and colors, for which standard errors are larger than 0.05 mag, are marked with colons. The coordinates are taken from the PPMXL catalog and rounded to two decimals of time second in RA and to one decimal of arcsecond in DEC.
The distribution of stars in magnitudes is shown in Figure 3 . The shaded parts of columns correspond to stars for which two-dimensional spectral types are available. They constitute about 70 % of all stars in the catalog. For the stars fainter than V = 19 mag in the central part, and for the stars fainter than V = 14.5 mag in the remaining area the accuracy of photometry is too low for reliable two-dimensional classification. The other reason preventing two-dimensional classification of faint and heavily reddened early-type stars is the absence of U and P magnitudes. Also, some stars could not be classified due to duplicity.
Due to a short focus length of the Maksutov telescope, a number of stars in the catalog (not measured with the Flagstaff and VATT telescopes) appear as unresolved or partly resolved visual binaries. Therefore we have checked our stars by examining their images in the DSS2 Red atlas provided by the SkyView Virtual Observatory 1 . The stars found to be binaries (sep ≤ 7 ′′ ) or having asymmetrical images are marked with two asterisks in the column of spectral types. For them we give either approximate spectral class or nothing.
Notes at the end of the table give HD or BD numbers, spectral types from the literature, as well as information on binarity, peculiarity or variability, taken from the SIMBAD database and other sources. The notes also list the identified YSOs, with a source of infrared photometry. Running numbers of stars having the notes are marked by asterisks. Table 2 . Results of photometry and classification of stars in the M 29 area. The stars with two asterisks in the last column were not classified since their images are asymmetrical, i.e., these stars are double or multiple.
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